Pleiotropic effects of ATP.Mg2+ binding in the catalytic cycle of ubiquitin-activating enzyme.
Conjugation of ubiquitin and other Class 1 ubiquitin-like polypeptides to specific protein targets serves diverse regulatory functions in eukaryotes. The obligatory first step of conjugation requires ATP-coupled activation of the ubiquitin-like protein by members of a superfamily of evolutionarily related enzymes. Kinetic and equilibrium studies of the human ubiquitin-activating enzyme (HsUba1a) reveal that mutations within the ATP.Mg(2+) binding site have remarkably pleiotropic effects on the catalytic phenotype of the enzyme. Mutation of Asp(576) or Lys(528) results in dramatically impaired binding affinities for ATP.Mg(2+), a shift from ordered to random addition in co-substrate binding, and a significantly reduced rate of ternary complex formation that shifts the rate-limiting step to ubiquitin adenylate formation. Mutations at neither position affect the affinity of HsUbc2b binding; however, differences in k(cat) values determined from ternary complex formation versus HsUbc2b transthiolation suggest that binding of the E2 enhances the rate of bound ubiquitin adenylate formation. These results confirm that Asp(576) and Lys(528) are important for ATP.Mg(2+) binding but are essential catalytic groups for ubiquitin adenylate transition state stabilization. The latter mechanistic effect explicates the observed loss-of-function phenotype associated with mutation of residues paralogous to Asp(576) within the activating enzymes for other ubiquitin-like proteins.